We examine the dynamic relationships between economic status and health measures using data from 8 waves of the Panel Study of Income Dynamics from 1999 to 2013. Health measures are self-rated health (SRH) and functional limitations; economic status measures are labor income (earnings), family income, and net wealth. We use 3 different types of models: (a) ordinary least squares regression, (b) first-difference, and (c) system-generalized method of moment (GMM). Using ordinary least squares regression and first difference models, we find that higher levels of economic status are associated with better SRH and functional status among both men and women, although declines in income and wealth are associated with a decline in health for men only. Using system-GMM estimators, we find evidence of a causal link from labor income to SRH and functional status for both genders. Among men only, system-GMM results indicate that there is a causal link from net wealth to SRH and functional status. Results overall highlight the need for integrated economic and health policies, and for policies that mitigate the potential adverse health effects of short-term changes in economic status.
longitudinal data to examine the relationship between economic status and health (Adams et al., 2006; Berry, 2007; Chetty et al., 2016; Do, Frank, & Finch, 2012; Hajat et al., 2010a; Hajat et al., 2010b; McDonough & Berglund, 2003; Meer, Miller, & Rosen, 2003) . However, only two studies have used dynamic panel data methods (Halliday, 2016; Michaud & Van Soest, 2008) . Most of the aforementioned studies revealed strong positive relationships between various measures of economic status and health. For example, in the United States, Chetty and colleagues reported that men in the top 1% of income distribution can live 15 years longer than the men in the bottom 1% of income distribution. Similarly, women in the top 1% of income distribution can live 10 years longer than the women in the bottom 1% of income distribution. The study by Chetty et al. highlighted the impact of economic status on mortality (Chetty et al., 2016) . However, mortality rates are not helpful to explore how (and why) health changes over the life cycle. Therefore, there is a need for studies that evaluate the effect of changes in economic status over time on health states other than mortality (Case & Deaton, 2005) . Furthermore, both health and economic status are multidimensional concepts and different economic indicators seem to have different dynamic relationships with different components of health (Michaud & Van Soest, 2008) . Therefore, there is a need for studies that evaluate the effect of changes in economic status over time on health measures using different economic and health measures. As changes can include both declines and improvements in income and health, the dynamic relationships between economic loss and health decline as well as between economic gain and health improvement warrant examination.
The relationship between economic status and health is bidirectional. Therefore, the endogeneity between economic status and health needs to be addressed in estimating the effect of economic status on health (Galama, 2015; Galama & Van Kippersluis, 2013) . From an economic perspective, healthier individuals may have access to greater economic resources because of their ability to participate in the labor force and earn an income (Galama, 2015; Galama & Van Kippersluis, 2013; Halliday, 2016) . On the other hand, from epidemiological and health policy perspectives, individuals with higher financial resources may have better health because they have the ability to invest in their health (Galama, 2015; Galama & Van Kippersluis, 2013; Halliday, 2016) . Some studies have addressed this endogeneity by using statistical techniques such as instrumental variables (IVs; Golberstein, 2015; Meer et al., 2003; Michaud & Van Soest, 2008) . However, it is very challenging to find plausible and valid IVs that have an effect on health only through economic status (Halliday, 2016; Meer et al., 2003; Michaud & Van Soest, 2008) .
Therefore, recent efforts have focused on using information available in panel data, for example, past health, as IVs after the panel-level effects have been removed by first-differencing (Anderson & Hsiao, 1981) . These models were further refined by Arellano and Bond (1991) , who used the panel structure of the data and derived procedures to determine the optimal number of lagged endogenous and exogenous variables as instruments (Arellano 2016; Roodman, 2009 ). These types of estimators have become econometric tools to address endogeneity and have been used in many disciplines (Piernas, Ng, Mendez, Gordon-Larsen, & Popkin, 2015; Wawro, 2002) .
To our knowledge, only two published studies (Halliday, 2016; Michaud & Van Soest, 2008) to date have examined the causal relationship between economic status and health using the Arellano-Bond dynamic panel data estimators. Halliday (2016) reported better self-rated health (SRH) due to increases in labor income among working-age adults (25-60 years) using data from the Panel Study of Income Dynamics (PSID). Michaud and Van Soest (2008) used wealth to represent economic status, and various mental and physical health measures, as well as a composite index to measure health based on data from the Health and Retirement Study. Although Halliday reported a causal effect of economic status on health (Halliday, 2016) , Michaud and van Soest did not find evidence for a causal relationship between the two (Michaud & Van Soest, 2008) . These differences in findings may in part reflect discrepancies in the characteristics of the study sample (e.g., retired vs. working age adults) and data source (Health and Retirement Study vs. PSID), as well as in the measurement of economic status. For example, Michaud and van Soest used wealth of older Americans as an economic indicator, while Halliday focused on labor income (earnings) of adults aged 25 to 60. A limitation of both studies was a failure to control for marital status, family size, and other factors that may affect economic status, health, or both.
The main objective of the current study is to extend previous work regarding the impact of short-term economic fluctuations on health by building upon the findings of Michaud and Van Soest (2008) and Halliday (2016) . In the current study, with recent data from the PSID and a variety of health measures, we focus on working-age adults as health for this group is potentially more vulnerable than for retired adults to adverse changes in economic status due to health insurance and income being tied to job status. In addition, we use recent PSID data that include more measures of health (functional status in addition to SRH) than were available in the study by Halliday (2016) ; we also expand the measurement of economic status to include not only earnings but also family income and net wealth. This paper also differentiates the impacts of economic gains versus losses on health rather than simply averaging impacts of any change in economic status. Finally, although Halliday (2016) used PSID data over a period with limited macroeconomic fluctuations (1984 to 1993), our study incorporates data from 1999 to2013, a period covering both the brief recession of 2001 and the Great Recession of 2007-2009. Our hypothesis is that short-term changes in economic status, whether measured through earnings, family income or wealth, significantly influence SRH, and functional status.
| DATA AND METHODOLOGY

| Data and sample
The PSID was created in 1966 to help inform President Lyndon Johnson's War on Poverty (McGonagle & Schoeni, 2006; McGonagle, Schoeni, Sastry, & Freedman, 2012) . The original PSID 1968 sample was drawn from two independent samples: an oversample of 1,872 low-income families from the Survey of Economic Opportunity; and a nationally representative sample of 2,930 families. The two samples constituted a national probability sample of U.S. families in 1968 (McGonagle et al., 2012; McGonagle & Schoeni, 2006) . Currently, the individuals in any panel come from three sources: the original 1968 sample, the 1997 refresher sample of post-1968 immigrants, and births and marriages in existing families (Dascola et al., 2015; McGonagle et al., 2012; McGonagle & Schoeni, 2006) . In this study, both family and cross-year individual files were combined to gather information on households.
The study utilized a retrospective observational longitudinal design with repeated measures of economic status and health for a period of 15 years using eight waves of the PSID: 1999 PSID: , 2001 PSID: , 2003 PSID: , 2005 PSID: , 2007 PSID: , 2009 PSID: , 2011 PSID: , and 2013 . These waves were selected due to the availability of the same sets of health variables. Data were pooled across years, and thus, each individual had eight observations. The study sample consisted of heads of households and their wives (men: 2,147; women: 2,024) who participated in all the waves of the PSID between 1999 and 2013 and who were aged between 18 and 50 years in 1999.
| Measures
| Health status measures
Self-rated health status PSID queried each respondent about "say your health in general is excellent, very good, good, fair, or poor?" This SRH was coded on a scale of 1 to 5 (1 = excellent, 2 = very good, 3 = good, 4 = fair, and 5 = poor). We follow the procedure by Ware, Kosinski, Dewey, and Gandek (2000) to code SRH. Ware et al. used a reverse coded scale where a higher score reflects better health. Ware et al. also observed that the interval between "excellent" and "very good" is half the size of the interval between "fair" and "good." Therefore, they recalibrated and normalized the scale as follows: 100 = excellent; 84 = very good; 61 = good; 25 = fair, and 0 = poor (Ware et al., 2000) .
Functional status
PSID participants are asked about the activity limitations for each reported chronic condition with a question as follows: "How much does this condition limit your normal daily activities?" The response is a 4-point scale: "not at all," "just a little," "somewhat," and "a lot." Such a question is typically considered to get at functional limitations or disability. We use the term functional limitation as defined below. Because the degree of the limitations is the purpose of this measure, we coded the response of each limitation as follows: 0 = not at all, 1 = just a little, 2 = somewhat, and 3 = a lot. Then, we summed the responses for all the functional limitations due to asthma, arthritis, cancer, chronic obstructive pulmonary disease, diabetes, heart disease, hypertension, stroke, memory loss, and psychological disorders. Finally, we normalized the sum by transforming the sum of the raw scores to a 0 to 100 scale using the following formula:
The functional limitation score ranges from 0 to 100, with higher scores representing more severe functional limitations.
Change in health (a) SRH improvement: A binary indicator variable, with the value of 1 representing improvements in SRH from one wave to the next and zero representing no change or a decrease in SRH score from one wave to the next. (b) SRH decline: A binary indicator variable, with the value of 1 representing a decrease in SRH from one wave to the next and zero representing no change or an increase in SRH from one wave to the next. (c) Improving functional status: A binary indicator variable, with the value of 1 representing a decline in functional limitation scores from one wave to the next and zero representing no change or an increase in functional limitation scores from one wave to the next. (d) Worsening functional status: A binary indicator variable, with the value of 1 representing an increase in functional limitation scores from one wave to the next and zero representing no change or a decrease in functional limitation scores from one wave to the next.
| Economic status
Labor income PSID has labor income of the heads of households and their spouses. It should be noted that, in the PSID, men are usually considered heads of households. Labor income is used at the individual level and includes all money earned from wages and salaries, bonuses, overtime, tips, commissions, and professional practice, as well as or any other job-related income, including farm or business income.
Family income
In the PSID, total family income is defined as taxable income (earnings, interest, and dividends) of the head of household, his wife, and other family unit members. Participants reported the incomes they received in the prior calendar year.
Net wealth
In PSID, family net wealth is calculated as the sum of home equity, farm or business assets, checking or savings accounts, vehicles, stocks and bonds, and net debts. Labor income, family income, and net wealth were reported in U.S. dollars per year.
Some individuals in our study sample reported negative or zero family income or net wealth. In the current study, we recoded negative values to zero and added a small positive amount ($1) to zero values. To account for inflation, all monetary values were converted to 2013 dollars using the consumer price index for all items wage earners.
It should also be noted that continuous economic status indicators are positively skewed variables. Therefore, estimates from ordinary least square regressions are often biased due to the nonlinear residuals. Using linear-log models in which health outcomes are in its original scale, and economic status are transformed into a natural logarithmic scale can help removing this bias (Halliday, 2016) . As a result, when economic status measures were used as continuous, all the economic status measures were transformed into a natural logarithmic scale. Finally, in a robustness check, we categorized labor income, family income, and net wealth into quintiles on the basis of the distribution of these variables in each wave.
| Other explanatory variables
Prior literature has established that SRH is affected by health behavior and obesity (Okosun, Choi, Matamoros, & Dever, 2001; Tsai et al., 2010) . Thus, in our analyses, we controlled for the following variables: body mass index (kg/m2; underweight [<18.5], normal [18.5-24.9], overweight [25.0-29.9 ], or obese [≥30.0]), smoking status (smoker and not a smoker), and alcohol use (user and nonuser). We controlled for other factors that may affect the economic status and/or health of the participants including age, marital status (married, widowed, separated or divorced, and never married), number of children under 18 years of age, health insurance, external financial support, and financial liabilities to others. Additionally, we controlled for number of chronic conditions categories (no condition, one condition, and > = 2 chronic conditions) where SRH was the outcome. Halliday (2016) pointed out that the effects on income may vary by gender. As a result, we conducted separate estimations for men and women.
| EMPIRICAL STRATEGY
The theoretical framework underlying this paper is a dynamic model of health production and productivity as per Grossman (1972) . Health is understood as having stock and flow components. Although some health indicators are fixed (height), most change with time due to unexpected shocks or due to the results of prior investments in health. Our objective here is to isolate the impact of unexpected short-term changes in economic status on health.
| Ordinary least squares (OLS) regression
The specifications of this model are as follows:
where h it is the health of individual i at time t, Y it is the log transformed values or quintile categories of the economic status, X it is the vector of the other explanatory variables as listed earlier, and μ it is the error term. Using OLS for panel data may yield biased coefficient estimates of economic status for several reasons. The error term may be serially correlated and unobserved factors that affect an individual's health will be present at each point in time, leading to unobserved heterogeneity. In particular, OLS regressions may be inconsistent due to unobserved time-invariant individual's characteristics (fixed-effects). Those fixed-effects may be correlated with the explanatory variables, which may introduce omitted variables bias. Equation (1) does not account for: (a) individual-specific fixed effects (time-invariant heterogeneity, including systematic measurement error); (b) the endogeneity between economic status and health status (unobserved time-varying heterogeneity, two-way causality, and random measurement error for health and economic status); (c) the endogeneity between current state of health and lagged health status.
| First-difference estimator
The first-difference estimator can address the individual fixed effects problem (a) above by using changes between two periods for each individual. Using the first-difference estimator removes the fixed individual-specific effects because they do not change with time. The proposed model for this estimator is as follows:
where Δh it is the change in health of individual i between time t and time t-1, ΔY it is the change in the log transformed values or quintile categories of the economic status, and ΔX it is the change in the time-varying control variables. In the above models, we allow for clustering at the individual level in the statistical inference.
| Split first difference
From a policy perspective, it is important to differentiate in model ((2)) above negative changes in health from positive changes in health as the effects of negative and positives changes (Δh it ) in health could be asymmetric. This will be done by focusing separately on negative changes (SRH declines, worsening functional status) and positive changes (SRH improvements, improving functional status). In addition, ΔY it refers to changes in economic status for the entire sample. And again, because there could be asymmetric effects of economic status on health transitions, we then separate these two types of economic status transitions in our economic independent variable (economic gains and losses). Note that this alters the previously first-difference specification as the differences for two variables are now split: changes in economic status are split into economic gains and losses, and changes in health are now split into improvements and declines. Following Mitra and Jones (2017) , this model is now referred to as a split first-difference model. Appendix A displays the specification of this model. Estimates based on a first difference model, whether simple or split, will address time-invariant omitted variables and systematic measurement error at the individual and family levels. Nevertheless, it will not address random measurement error bias or omitted variables bias owing to the presence of time-varying unobservables. It does not address the problem of reverse causality from health to economic status: even with the biannual data that we use, we cannot rule out that changes in health precede changes in economic status. It also does not address the time-dependence of health.
3.4 | Dynamic panel generalized method of moments (GMM) estimators (Arellano & Bond, 1991; Blundell & Bond, 1998) It is indeed possible that current health status is influenced by past health and current economic status and other variables as follows:
We can first difference the previous equation to the following:
Equation (4) can address (a) individual fixed effects through first differencing and (b) the endogeneity of health and economic status in that it allows for health to impact economic status but with a lag, the Arellano and Bond estimator (1991) can also address limitation (c) the endogeneity between current and past health. Under the Arellano and Bond approach, lags of the dependent variable are used as instruments to compute unbiased consistent estimates of Equation (4). However, a weak instruments problem may occur in the Arellano-Bond approach because lagged values of the endogenous variables may be weakly correlated with the regressors in the first-difference model. Given that we have weak instruments (Halliday, 2016) , we use Blundell and Bond (1998)'s system-GMM estimator, which requires stronger moment conditions than differenced GMM. System-GMM estimator uses lagged differences as instruments for the level model and lagged levels as instruments for the first-difference model. Based on the second order autocorrelation test and the Hansen J statistics on overidentifying restrictions, we found that adjusting for three lags of health measures was needed for the model to perform adequately. This is consistent with Michaud and van Soest (2008) and Halliday (2016) . We also used only four lags of health measures as IVs to address this issue. This dynamic system GMM strategy thoroughly, albeit not perfectly, addresses the endogeneity concerns noted earlier and gives the preferred estimates for this paper.
| RESULTS
The study sample consisted of 2,147 men and 2,024 women who were between ages 18 and 50 years in 1999. Most of the men were White (79.3%), married (73.1%), and lived in a metropolitan area (75.9%). Likewise, most of the women were White (76.2%), married (75.2%), and lived in a metropolitan area (75.4%). Table 1 displays the weighted percentages.
Figures 1 and 2 detail the mean labor income, family income, net wealth, SRH, and functional limitations for men and women across the eight waves. Figure 1 shows there was an upward trend in the average values of income and wealth interrupted by sharp drops during and after the Great Recession of 2007-2008. As per Figure 2 , for both men and women, over the 15-year period, SRH steadily deteriorated whereas the functional limitation score increased. This deterioration in health is to be expected as this cohort ages. Our goal then is to examine the impact that short-term changes in economic status might have had on health for this cohort. Table 2 summarizes results of the OLS and first difference models. Table 3 gives results for the split first-difference model whereas Table 4 summarizes the Blundell-Bond system-GMM estimators for SRH and functional limitations. Starting with the OLS results in Table 2 , SRH and functional limitation scores were consistently and significantly associated with economic status. For instance, OLS regressions indicated a significant positive relationship between labor income and SRH among both men ( b β = 1.548, p < .001) and women ( b β = 0.905, p < .001). Of economic status measures, family income showed the strongest association with functional health for both men and women. For the functional limitation score, OLS regressions revealed a significant relationship with family income among men ( b β = −1.457, p < .001) and women ( b β = −1.504, p < .001).
The first-difference results in Table 2 stand in contrast with OLS results. Using first-difference, there was no relationship between economic status and health among men and women, with the exception of labor income and the functional score for men. First-difference models indicated a negative relationship between labor income and the functional limitation score among men ( b β = −0.276, p < .001).
Results from the split first-difference model in Table 3 indicate that for men and women, gains in economic status, whether in labor income, family income, or net wealth, are not significantly associated with improvements in SRH or the functional score. In contrast, for men, losses in economic status in terms of labor income and family income are associated with worsening SRH and functional status. Men are also found to have a decline in SRH when experiencing a loss in terms of net wealth. Drops in labor income, family income, and net wealth were associated respectively with 2.5, 2.5, and 2.9 percentage point increases in the probability of a decline in SRH among men. Decreases in labor income and family income were associated with 4.8 and 5.2 percentage point increases, respectively, in the probability of functional limitations increases among male participants. In contrast, there was no relationship between losses in economic status and decline in SRH or functional status among women. In Table 4 , our preferred system-GMM model indicates a causal relationship from labor income to SRH (men relationship for men only from family income to SRH ( b β = 1.242, p < .001). The model finds also a causal relationship from family income to functional limitations for both men ( b β = −0.919, p < .01) and women ( b β = −0.319, p < .05). Finally, the model finds a relationship for men only from net wealth to SRH ( b β = 0.253, p < .01) and to functional status ( b β = −0.149, p < .01). However, for the latter result on functional status, it should be noted that this model did not pass the overidentification test with p = .043. It has to be noted that the results of the system-GMM with age as the only control in Appendix B versus the system-GMM with the full set of controls in Table 4 are overall consistent, and as expected coefficient estimates for the economic indicator are often smaller in the latter. However, for women, family income or net wealth is no longer significant in the model with the full set of controls for both health measures. It is possible that the results could be driven by specific subgroups of individuals in the income/wealth distribution, perhaps the bottom of the distribution given more economic insecurity. To check the potential heterogeneity of the results across the income/wealth distribution, we replaced each continuous economic indicator by categorical variables indicating quintiles. Table 5 reports results of the system-GMM when economic status is measured in terms of quintiles in turn for labor income, family income, and net wealth. Results are overall consistent with those in Table 4 . For labor income, results include larger coefficients for lower quintiles. This suggests that the causal effect of short-term changes in economic status may have differential effects on SRH or functional status for persons depending on where a person stands in the earnings distribution, with seemingly worse effects for persons in the lower quintiles. For net wealth for men, consistent with Table 4 , a significant effect is found in all quintiles, but the effect is larger for upper quintiles for both SRH and functional status.
| CONCLUSIONS
The current study examined the dynamic relationships between economic status measures (family income, labor income, and net wealth) and two health measures (SRH and functional limitations). Our preferred method system-GMM estimation revealed positive relationships between all measures of economic status and SRH among men, but a significant relationship only between labor income and SRH among women. The preferred system-GMM estimation indicated a negative relationship between labor income and functional limitations among men and women, although net wealth was inversely related to functional status only among men. These findings suggest that the relationship between economic status and health may vary by gender, with overall stronger relationships observed among men. Findings also varied according to the economic indicator used; in general, labor income was the economic measure that most consistently predicted change in of health status in both genders. Economic status significantly influenced health in all quintiles of income and wealth. The current study has several strengths. First, we examined the dynamic relationships between economic status and health using a variety of economic and health measures. Second, we controlled for a comprehensive array of potentially confounding variables, including age, marital status, number of children under 18 years of age, number of chronic conditions (only for SRH), body mass index, alcohol use, smoking status, light physical activity, health insurance status, external financial support, and financial liabilities to others. We also conducted separate analyses for men and women, allowing us to identify differing patterns by gender. Third, we used longitudinal data that spanned a 15-year period, allowing us to assess the dynamic links of health and economic status over time. Fourth, we used dynamic panel data estimators, specifically system-GMM estimators, to overcome the lack of readily available valid IVs.
However, this study also has some important limitations. First, information on all variables was based on selfreported data, raising the possibility of recall bias. Second, SRH and functional limitations do not capture all aspects of health. Third, although we employed statistical techniques to address endogeneity from reverse causality and omitted variables, we do not completely address potential random measurement error for health and economic status. Finally, although attrition in the PSID is limited, restriction of our sample to participants who were followed in all eight waves of the study may limit the generalizability of our findings.
Our results suggest a relationship from labor income to health status among both men and women, a relationship which seems stronger among lower earnings quintiles. In the 1999-2013 period with fluctuations in the economic situation of the United States, results indicate that changes in earnings negatively impacted health in the short term, which add to the literature that explores the effects of acute economic shocks on health (Ólafsdóttir, Hrafnkelsson, Thorgeirsson, & Ásgeirsdóttir, 2016) .
Our results support the need to integrate economic and health policies and, in particular, to have programs that mitigate the potential adverse effects of economic loss on health. Our findings highlight the need to incorporate health considerations into decision making across all policy areas. This is consistent with the Health in All Policies initiative proposed by public health facilitators (Rudolph, Caplan, Ben-Moshe, & Dillon, 2013) in which reshaping individuals' economic, physical, social, and service environments help to improve overall health and well-being.
Overall, our results indicate that the relationship between economic status, and health is weaker in women than in men, consistent with findings in previous studies (Muennig, Kuebler, Kim, Todorovic, & Rosen, 2013) . We also found that men in this sample were more sensitive to negative economic shocks than were women. In contrast, previous studies have indicated women to be more sensitive than men to the adverse health effects of cumulative exposure to economic hardships and poverty (McDonough & Berglund, 2003; McDonough, Sacker, & Wiggins, 2005) . In contrast, we found that losses in family income and net wealth negatively influence health in men only, although the effects of economic gain and loss in women may be heterogeneous across economic groups (see Appendix B).
Findings of this study suggest that labor income causally affects health among men and women. Changes in labor income can be due to multiple factors, including reduced work hours, job loss, and wage changes. Because our study period covers the Great Recession of 2007-2009, it is plausible that many adults in our sample experienced reductions in earnings due to job loss (Goodman & Mance, 2011) . Decline in labor or family income due to loss of employment has important potential implications for the future health of these adults and their families. Although unemployment insurance may provide some relief in the short term (East & Kuka, 2015) , it may not cover many expenses, including those related to health care. For example, the majority of employed adults (58%) in the Unites States receive employer-sponsored health insurance (Sonier, Fried, Au-Yeung, & Auringer, 2013) and may lose health insurance coverage due to the loss of employment. Such loss of insurance coverage may contribute to further deterioration in health status due to lack of access to medical care.
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